Background: Late-onset sepsis (LOS) is an important cause of morbidity and mortality in very low birth weight (VLBW) infants. Aim: To determine the incidence, risk factors and etiology of LOS. Methods: LOS was investigated in a multicenter prospective cohort of infants at eight public university neonatal intensive care units (NICUs). Inclusion criteria included inborn, 23-33 weeks of gestational age, 400-1499 g birth weight, who survived >3 days. Results: Of 1507 infants, 357 (24%) had proven LOS and 345 (23%) had clinical LOS. Infants with LOS were more likely to die. The majority of infections (76%) were caused by Gram-positive organisms. Independent risk factors for proven LOS were use of central venous catheter and mechanical ventilation, age at the first feeding and number of days on parenteral nutrition and on mechanical ventilation. Conclusion: LOS incidence and mortality are high in Brazilian VLBW infants. Most risk factors are associated with routine practices at NICU.
Introduction
Late-onset sepsis (LOS) is an important cause of morbidity and mortality among preterm infants [1] [2] [3] . Numerous factors contribute to high incidence of infection including prematurity, very low birth weight (VLBW), prolonged intravascular access, parenteral nutrition, prolonged mechanical ventilation, hospitalization length, use of broad-spectrum antibiotics and nutritional practices [1, 2, 4, 5] .
The causative organism in LOS is an important predictor of its outcomes. The majority of LOS episodes are caused by Gram-positive organisms, as shown by a multicenter study on the National Institute of Child and Human Development (NICHD) Neonatal Research Network. Coagulasenegative staphylococci (CoNS) accounted for 48% of infections; Gram-negative organisms were responsible for almost 18% and fungi for 12% infections. The mortality rate for Gram-positive organisms was 11%, for Gram-negative 36% and for fungi 32% [1, 2] . Similar results were found in a neonatal infection surveillance network in England (NeonIn) [6] .
Neonatal infection surveillance networks have been established in several countries to provide a national overview and to compare results with other networks. On the Brazilian Neonatal Research Network, eight centers have contributed to create a database on VLBW infants. LOS is an investigation priority on this Network because national data on neonatal infection are very scarce. The objective of this study was to determine the incidence and mortality of LOS, its risk factors and the distribution of infecting pathogens in infants from the Brazilian Neonatal Research Network.
Methods

Study design
A multicenter study was conducted on a cohort of VLBW infants (birth weight <1500 g), inborn, in eight centers on the Brazilian Neonatal Research Network between 1 January 2006 and 31 December 2008. The study was approved by the ethics committee of all centers. Written informed consent was obtained from all participants. All of the eight neonatal intensive care units (NICUs) are located in university hospitals that are referral centers for high-risk pregnancies, providing care to patients on the Brazilian Public National Health Care Service.
Study population
Among the 2370 VLBW infants admitted to the network centers, 1507 (63.6%) met the study inclusion criteria: inborn preterm infants born at 23-33 complete gestational weeks, with birth weight from 400 to 1499 g who survived for >72 h after birth. These infants were observed until discharge, death or 120 days of hospitalization. Figure 1 shows a flowchart of the cohort.
Three study groups were composed: Proven LOS: clinical signs of sepsis (temperature instability, cardiorespiratory or gastrointestinal disturbances, lethargy or irritability) with laboratory evidence supporting infection (abnormalities in complete blood count and increase in acute phase serum proteins levels) and a positive blood culture; Clinical LOS: clinical and hematological manifestations of systemic infection and a negative blood culture; No LOS: patients without clinical-hematological manifestations of infection.
CoNS infection was defined by clinical and laboratory signs of sepsis, and two positive blood cultures wherever possible, associated with appropriate antimicrobial therapy. Organisms considered to be contaminants such as Micrococcus sp, Corynebacterium sp and Propionibacterium sp were excluded.
The first LOS episode was considered the end point for this analysis, and the variables studied were Maternal and gestational data-antenatal care, gestational morbidities, antenatal steroids use, single or multiple pregnancy and mode of delivery; Delivery data-gender, birth weight, gestational age (best obstetric estimate), appropriate or low weight for gestational age [7] , Apgar score, resuscitation at birth; Procedures-mechanical ventilation, intravascular catheter, parenteral nutrition, use of antibiotics on the first 3 days of life, surgery; Neonatal outcomeillness severity and mortality risk score-SNAPPE II [8] ; respiratory distress syndrome; early-onset sepsis (clinical signs and positive blood culture within 72 h of life); pneumonia: diagnosed according to the criteria used in the NICU; confirmed necrotizing enterocolitis according to Walsh & Kliegmann [9] ; bronchopulmonary dysplasia: oxygen requirement at the postmenstrual age of 36 weeks [10] ; patent ductus arteriosus: diagnosed by echocardiography; intraventricular hemorrhage classified according to Papile et al. [11] ; retinopathy of prematurity stage !2; age at the first feeding; days to regain birth weight; length of hospital stay; and death.
Statistical methods LOS incidence among the centers was compared by the two-tailed 2 test. Associations between LOS and the variables studied were investigated by analysis of variance (ANOVA) followed by Tukey post hoc test and the 2 test. Variables associated with LOS (p 0.05) in the univariate analysis were included in multiple logistic regression models. Non-significant variables were removed from the model in a backward stepwise way. p < 0.05 was considered statistically significant. Among the 357 premature infants with proven LOS, 55 (15.4%) had two episodes, and 4 (1%) had three episodes. The majority (76%) of first LOS episodes were caused by Gram-positive organisms, and CoNS were the most frequent organisms isolated in 213 of 357 (60%) blood cultures, followed by Gramnegative organisms (15%), Staphylococcus aureus (12%) and fungi (9.5%) (Fig. 2) .
Results
Of the 1507 infants who fulfilled the inclusion cri
The highest mortality rates were found for infants with fungal sepsis (52%), followed by those with infection caused by Gram-negative agents (35%), whereas for infants with CoNS sepsis, the mortality rate was 18%.
As shown in Table 1 , with the exception of chorioamnionitis and single pregnancy, which were more frequent in mothers of infants with LOS (clinical and proven), other maternal gestational and delivery characteristics did not differ between the three groups. Preterm infants with clinical or proven LOS showed lower gestational age and birth weight, had lower Apgar scores and increased need for resuscitation in the delivery room. There were significant differences in all newborn data between the two LOS groups compared with No LOS group, except for gender. There were no differences between clinical and proven LOS (Table 1) .
VLBW infants with clinical or proven LOS had higher SNAPPE II scores on the first day of life, higher neonatal morbidity, more frequent use of invasive procedures and longer length of hospitalization than infants without sepsis. Comparing LOS groups, bronchopulmonary dysplasia and use of percutaneous central line were more frequent in proven LOS. Moreover, these babies used parenteral nutrition and mechanical ventilation for a longer time, and they needed more days to regain birth weight and to discharge ( Table 2 ).
All variables showing significant association with LOS were included in multivariate analysis using logistic regression models. After additional adjustment for center, the following variables were identified as independent risk factors for LOS (clinical or proven): degree of prematurity, number of antibiotics used in the first 72 h of life, use of mechanical ventilation and central venous catheter and number of days of mechanical ventilation and parenteral nutrition (Table 3) .
Another multiple logistic regression model was fitted to identify which variables were risk factors for proven LOS. In this model, the risk factors were degree of prematurity, age at the first enteral feeding, days of mechanical ventilation and parenteral nutrition and use of mechanical ventilation and central venous catheter (Table 4) .
Discussion
The neonatal infection surveillance networks established in several countries are important to know about LOS incidence and its variability, to compare results with those of other networks and to propose public health policies to improve neonatal care quality [12, 13] .
The study on the Brazilian Neonatal Research Network showed that 24% of VLBW infants developed proven LOS, which is a similar result to that of other research networks [1, 14] However, in this study the finding that adds significantly to the knowledge regarding LOS was the high incidence of clinical LOS (23%), a serious problem in the daily practice of NICUs that is not addressed in the literature. Although the diagnosis of clinical sepsis may be questioned because there is no gold standard, in this Values expressed as number and percentage (), mean AE SD with ANOVA followed by Tukey post hoc test and 2 for difference in proportions. Letters ''a'' and ''b'' are used to show differences among the groups. Same letter indicates no significant difference; whereas groups with different letters are statistically different. Values expressed as number and percentage, mean AE SD with ANOVA followed by Tukey post hoc test and 2 for difference in proportions. Letters ''a'' and ''b'' are used to show differences among the groups. Same letter indicates no significant difference; whereas groups with different letters are statistically different. study, the centers used the same previously standardized LOS definition, according to the National Health Surveillance Agency. These are worrisome data because they reflect the neonatal care provided at the highest-level centers in Brazil.
VLBW infants with clinical or proven LOS had higher mortality compared with no LOS infants. The mortality in clinical LOS could not be attributed to other morbidities other than infection. This finding highlights the magnitude of LOS even without positive blood culture.
In agreement with previous studies, CoNS were the most common pathogens isolated in our VLBW infants [1, 3, 6, 15, 16] . The common use of central venous lines may have been responsible for that finding. Gram-negative agents were identified in 15%, whereas the rates reported in the literature are >20% [6, [17] [18] [19] . However, there is great concern about these agents as well as fungi owing to high associated mortality [20] .
The LOS rate varied widely between the centers, and such variation may be due to differences in clinical practices. Therefore, it may be amenable to interventions that alter local practice. Center-to-center variability was found by other multicenter studies, suggesting that the care site influences neonatal outcomes [1, 14, 21, 22] .
Univariate analysis showed several factors to be associated with LOS. Premature infants with LOS (clinical and proven) had lower birth weight and gestational age, worse perinatal conditions and higher severity scores on the first day of life. During hospitalization, they had higher morbidity and more frequent use of invasive devices compared with those without infection.
Catheters are frequently needed in NICU patients to administer parenteral nutrition, medicines and antibiotics; however, they can be a source of infection [2, 23] . Nutritional practices are strongly associated with LOS. Parenteral nutrition may be contaminated during preparation, storage or administration [23] .
Additionally, the delay to initiate enteral feeding and the prolonged time to reach full enteral feeding or to regain birth weight has been associated with increased risk for LOS. Efforts to initiate enteral feedings as early as possible reduce the use of central venous lines, may improve nutritional status and decrease the risk for infection [1, 2, 23] .
Mechanical ventilation was more frequent and prolonged in infants who developed LOS. Ventilator use provides a portal of entry for pathogens, and prolonged mechanical ventilation is associated with high bronchopulmonary dysplasia incidence [1, 2, 23] . Prolonged hospitalization of VLBW infants is a major factor in the high cost of NICUs and can further compromise the prognosis of such premature infants, increasing their risk for developing nosocomial infection [14, 24] .
Multivariate analysis indicated that several factors were independently associated with LOS. The greatest risk was observed for nutritional practices, invasive devices and number of antibiotics used in the first 72 h of life. We performed separated analyses on risk factors for proven LOS by adjusting for each center. The age at the first enteral feeding, days of mechanical ventilation and parenteral nutrition and use of mechanical ventilation and central venous catheter were independent risk factors for confirmed sepsis. We highlight the protective role of gestational age, as each additional week in gestational age was associated with 15% decrease in the risk of LOS.
This study confirms the importance of invasive devices as risk factors of LOS. The implementation of evidence-based practices, such as hand hygiene, the insertion and maintenance of central lines (barrier precautions, skin antisepsis, dedicated team) associated with efforts to initiate early enteral feeding, are important and may reduce the risk for infection [2, 25] .
The number of antibiotics used in the first 72 h of life is an additional risk factor for LOS [26] . Empirical antibiotic therapy should be rigorously monitored and reevaluated promptly. One limitation in this study is that information was obtained from a database with a limited temporal relationship between LOS and the other events. The great contribution was to show that most risk factors are associated with routine practices and procedures at NICUs, many of which could be improved, whereas others should be used with caution and could be potentially avoided.
In conclusion, this study on the Brazilian Neonatal Research Network showed that LOS is common in VLBW infants, and it is associated with significant mortality. Several risk factors were identified, and almost all of them were related to clinical practices. This can be an important step in providing information for health care investments and guiding to the best practices to improve neonatal care quality.
